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(57) ABSTRACT

When a voltage monitoring circuit detects that a supplied
voltage is in a state of being less than a certain voltage at a
time of performing writing of data with respect to a memory
cell of amemory core having a refresh function, a flag is set in
aregister circuit, an address at which the writing is performed
is held, and the memory core is made to execute rewriting by
a refresh operation with respect to the held address, in accor-
dance with the flag set in the register circuit, thereby enabling
an increase in speed of operation while securing a retention
life of memory data, and enabling a reduction in power con-
sumption without lowering a processing capability even ifthe
supplied voltage is lowered.

8 Claims, 9 Drawing Sheets

10
§
WR(CMD)
158 20
16 14 ADD[n: 0]
a?b | REGISTER .~ | O™ S
Wby | ACCESS [~ adal [ ADDRESS comiad [T Da
CONTROL | DECODER {
CIRCUIT FLAG CPU
MEMORY CORE ; \Pad
REFRESH
CONTROL 15A 15
5 OROUT | rofa | ~—vdet
{
) 12 30
M refb 17 vddi ) dd $
VOLTAGE K
BOOSTING {
M%’}%{JWG CROUT BATTERY
MEMORY




US 9,135,983 B2

Sheet 1 of 9

Sep. 15, 2015

U.S. Patent

AIONIN
LN 11080 T
AYILLY INISOLINOW
oon | (L ONES008 A1 Sovon
| A
o e 1 uu_e _m_
]
e BT 1L
mF/ﬂu,f_ HS T4
pedp=
é) w yiooogq | | |9 - 400 AYONI
wuo INVIVO) ; SSqaaav 1[BP® SS90V NM;
m YISPH $ .
(AWO)HM g51
0l
Il 914




U.S. Patent Sep. 15, 2015 Sheet 2 of 9 US 9,135,983 B2

F1G 2B

vddi x&
n02

N0 —————
y

vdet

111 vdetrefo g,
Pwrey

P | ¢
pwr—={ GENERATING FLAG — refa

PART " Frflag 1580
FI G 3A pad[0]_12] ADDRESS [0] — ada[0]

pad[1]_t=] ADDRESS [1] — adal[1]
5 1581
pad[n]_—=] ADDRESS [n] —= ada[n]
~—~15B—n

vdet . |

pwr :[ | [ L
! h

FIG 38 P —

refa __i
pad )
rflag —1 ;’ '.

ada __ | A
refb |_|_




U.S. Patent

Sep. 15, 2015 Sheet 3 of 9 US 9,135,983 B2

pwr—= LATCH PART|—=wrb

}
refb

F1G 4B

pwr [ | L
refb \ [ 1] B

pad %ﬁ?’ D2 L

T N

wrb & \
adb %




US 9,135,983 B2

Sheet 4 of 9

Sep. 15, 2015

U.S. Patent

aJed
},uoq

LPPY

dM

dON

dON

G 914

oJEY
gJm
imd

<SSRAav>
KEINNEL!

1-TEY
aav
ano
19pA

IPPA



U.S. Patent Sep. 15, 2015 Sheet 5 of 9 US 9,135,983 B2

WDEC
WDEC
WDEC
WDEC

= 2| a
BLO
bBLO | Sense amp
BL1

bBL1 | Sense amp

BLn—1
bBLn—1| Sense amp

BLn
bBLn | Sense amp

(O cell

WLO
WL1
WL2

FIG 6
WLn T
woEC T QRQAQQATTQQRAQQT Ay

WDEC
WDEC
WDEC




U.S. Patent Sep. 15, 2015 Sheet 6 of 9 US 9,135,983 B2

WL ]
1

FIG 7A BLi— L—

—
PLj

FI1e.78 ™ -— 4

BLi,bBLj
‘Celdl PL BL 0" 1"
QUECTON SHECTON LATCH WR~ WR
FIG 8

READ OR WRITE REQUEST | 34
1S ISSUED BY CPU

SELF-REFRESH COMMAND |
IS ENTERED 302

303

76 1S NONTORED—=-G(Low)

TARGET CELL IS ACCESSED FLAG BIT AND ADDRESS (DATA)

(READ/WRITE) ARE STORED IN REGISTER [~ 992
g
304 306
REWRITING

NG (DURING EXECUTION
OK OF COMMAND)

REWRITING IS PERFORMED ON | 307
TARGET CELL (REFRESH)




US 9,135,983 B2

Sheet 7 of 9

Sep. 15, 2015

U.S. Patent

0¢
: 110041 AR
naLve SR, >] HeLbon
PP Ak ppA - § Ll Ll
J10H~ cl ( u@ |
]
¥314ng 1opA—~ ENL LINOYI0 h
(10H ol JO4LNOD
— /<mf | T TN
ped 3400 AYONIN
N0 _|
T 400030 it oo,
Wuo (NVANOD ; STV epe’ SSI mnm.:s
w SRS m o
o [o:uldav pl ;amm;\ 9l ®
(AWD)Hm
ol
6 914




US 9,135,983 B2

Sheet 8 of 9

Sep. 15, 2015

U.S. Patent

oJ4red

d10H

}.uo(

gjad

qam

amd

<SSAAV>
EIRYREN

1IEY

aav

dON anwd

dON

1opA

OL 914

IPPA



U.S. Patent Sep. 15, 2015 Sheet 9 of 9 US 9,135,983 B2

FIG 11A
AMOUNT OF POLARIZATION
pO=0data
/ VOLTAGE
1.5V—
1.8V 7
1data
FIG 1B
AMOUNT OF ELECTRIC Q=CV
CHARGE Q
B
AL voUTAGE v
FI G 12
491 - MENORY ACCESS
A1 YT
s
402
MEMORY
A~ 1.8~30V L §geq5y
BOOSTING ||
CROUIT |7 BATTERY
) )

404 0.9~1.5V 403



US 9,135,983 B2

1
SEMICONDUCTOR MEMORY DEVICE AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2014-
026643, filed on Feb. 14, 2014, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are directed to a semi-
conductor memory device and a control method thereof.

BACKGROUND

Regarding a system driven by a battery such as a mobile
device, since a battery life becomes longer as a minimum
operating voltage of a circuit such as LSI (Large Scale Inte-
gration) is reduced, it is demanded by a system designer to
drive the circuit at a low voltage. A memory LSI (memory
circuit) is also demanded to be driven at a low voltage, and it
is preferably to improve an operation margin. When a driving
voltage of a processor such as a CPU (Central Processing
Unit) being a digital circuit and a driving voltage of a memory
LSI having a large number of analog circuits are compared,
the memory LSI has a low operation margin at a low voltage
since it is difficult to lower an operating voltage of the analog
circuit mounted on an inside of a chip.

For example, in a case of a destructive read-type memory
circuit such as FeRAM (Ferro-electric Random Access
Memory) and DRAM (Dynamic Random Access Memory), a
deterioration of retention property or the like of memory data
is caused as follows. In the case of FeRAM, a hysteresis loop
of a cell capacitor is rotated to perform reading of data and
storage and writing of data, and under an operating environ-
ment at a low voltage, an amount of polarization becomes
small as illustrated in FIG. 11A, and a difference of amount of
polarization between 0 data and 1 data becomes small, result-
ing in that a read margin is deteriorated and a data retention
life is shortened. In the case of DRAM, under an operating
environment at a low voltage, an amount of electric charge
accumulated in a cell capacitor is reduced as illustrated in
FIG. 11B, resulting in that a read margin is deteriorated and a
data retention life is shortened.

Although there is a method of lowering a threshold value of
a transistor for lowering an operating voltage of an analog
circuit, when the threshold value of the transistor is lowered,
a leak current under an off state is increased, which increases
a standby current, and thus the method is not suitable for a
system driven by a battery. Other than the above, there is a
method in which a boosting circuit is built in a memory LSI,
as illustrated in FIG. 12, and a control is performed so that a
supplied voltage does not become a voltage less than a certain
voltage.

In FIG. 12, a memory circuit 401 performs storage and
reading of memory data in accordance with an access request
from a CPU 402. A battery 403 supplies an operating voltage
to the memory circuit 401 and the CPU 402. An output of the
battery 403 is 0.9V to 1.5V, for example, and the CPU 402
can be driven at this operating voltage. On the other hand, the
operating voltage of the memory circuit401is 1.8 Vto 3.0V,
for example, and has a high voltage level, compared to the
operating voltage of the CPU 402. The memory circuit 401
uses, as the operating voltage, a voltage obtained by perform-
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2

ing boosting with the use of a boosting circuit 404 so that the
voltage level is doubled, for example. In the system illustrated
in FIG. 12, there is no relation between a control of the
boosting circuit 404 and a memory access from the CPU 402,
so that there is a need to constantly drive the boosting circuit
404, which becomes a main cause of hindering a low power
consumption.

There has been proposed a technique in which, in a system
having a memory circuit, when a power supply voltage sup-
plied to the memory circuit is lowered, an address or the like
at which writing is stopped is stored to stop an operation, and
after the power supply is returned, the writing is started again
from the address at which the writing is stopped (refer to
Patent Documents 1 to 4, for example). In the conventional
system having the memory circuit as illustrated in FIG. 12,
even if the power supply voltage supplied to the memory
circuit is lowered, the constant driving of the boosting circuit
becomes the main cause of hindering the low power con-
sumption, resulting in that a battery life is shortened.

Patent Document 1: Japanese Laid-open Patent Publica-
tion No. 2010-9165

Patent Document 2: Japanese Laid-open Patent Publica-
tion No. 2011-204026

Patent Document 3: Japanese Laid-open Patent Publica-
tion No. 08-63405

Patent Document 4: Japanese Laid-open Patent Publica-
tion No. 2005-322293

SUMMARY

One aspect of a semiconductor memory device includes: a
voltage monitoring circuit which monitors a supplied volt-
age; a memory core which includes a plurality of memory
cells and includes a refresh function; a register circuit in
which a flag is set when it is detected that the supplied voltage
is in a state of being less than a certain voltage at a time of
performing writing of data with respect to a memory cell of
the plurality of the memory cells, and which holds an address
at which the writing is performed; and a control circuit which
makes, in accordance with the flag set in the register circuit,
the memory core execute rewriting by a refresh operation
with respect to the held address.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram illustrating a configuration example of
a semiconductor memory device in a first embodiment;

FIG. 2A is a diagram illustrating a configuration example
of a voltage monitoring circuit in the present embodiment;

FIG. 2B is a diagram illustrating an operation example of
the voltage monitoring circuit in the present embodiment;

FIG. 3A is a diagram illustrating a configuration example
of a register circuit in the present embodiment;

FIG. 3B is a diagram illustrating an operation example of
the register circuit in the present embodiment;

FIG. 4A and FIG. 4B are diagrams illustrating an example
of'an access control circuit in the present embodiment;

FIG. 5 is a timing chart illustrating an operation example of
the semiconductor memory device in the first embodiment;

FIG. 6 is a diagram illustrating an example of a memory
core in the present embodiment;
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FIG.7A and FIG. 7B are diagrams for explaining a rewrite
operation of a memory in the present embodiment;

FIG. 8 is a diagram illustrating an example of a rewrite
sequence in the present embodiment;

FIG. 9 is a diagram illustrating a configuration example of
a semiconductor memory device in a second embodiment;

FIG. 10 is a timing chart illustrating an operation example
of the semiconductor memory device in the second embodi-
ment;

FIG. 11A and FIG. 11B are diagrams for explaining an
operation margin in a memory cell; and

FIG. 12 is a diagram illustrating an example of a conven-
tional memory system having a boosting circuit.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments will be described based on the
drawings.

In the system such as one illustrated in FIG. 12 described
above, there is no relation between the control of the boosting
circuit in the memory circuit and the memory access from the
CPU, so that there is a need to constantly drive the boosting
circuit, which becomes a main cause of hindering the low
power consumption. On the contrary, there is a method in
which a CPU controls a driving timing of a boosting circuit in
a manner such that, normally, the boosting circuit is not
driven, and the boosting circuit is driven when a memory
access is conducted, thereby realizing a low power consump-
tion.

However, in this method, it makes the memory access wait
from when the CPU starts driving the boosting circuit to when
the voltage at which the memory circuit becomes operational
can be obtained. Therefore, although it is possible to reduce a
current during a period in which the memory access is not
conducted, a period of time up to when the memory access is
conducted becomes long, resulting in that a processing capa-
bility of the system is deteriorated. In the embodiments to be
described hereinafter, it becomes possible to reduce a power
consumption without lowering the processing capability of
the system.

First Embodiment

A first embodiment will be described.

FIG. 1 is a diagram illustrating a configuration example of
a semiconductor memory device in the first embodiment. As
illustrated in FIG. 1, a memory circuit 10 as a semiconductor
memory device in the first embodiment includes a memory
core 11, aboosting circuit 12, a voltage monitoring circuit 13,
acommand decoder 14, a register circuit 15, an access control
circuit 16, and a refresh control circuit 17.

The memory core 11 has a plurality of memory cells each
storing data. For example, each of the memory cells is a
memory cell such as FeRAM (Ferro-electric Random Access
Memory) and DRAM (Dynamic Random Access Memory)
having a cell capacitor. The memory core 11 has a refresh
function. That is, the memory core 11 has a function of
reading, from the memory cell, data to a data line such as a bit
line, and writing the read data into the memory cell.

The boosting circuit 12 boosts a power supply voltage Vdd
(0.9V to 1.5V, for example) supplied from a battery 30 to
generate a voltage at which the memory core 11 can operate,
and outputs a voltage Vddi (1.8 V 10 3.0V, for example) to an
inside of the memory circuit 10. The voltage monitoring
circuit 13 monitors the voltage Vddi of the power supply
supplied from the boosting circuit 12, and outputs a signal
vdet in accordance with the voltage Vddi. When the voltage
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Vddi of the power supply supplied from the boosting circuit
12 is less than a certain voltage (a voltage required for the
operation of the memory core 11), the voltage monitoring
circuit 13 negates the signal vdet, and when the voltage Vddi
is not less than the certain voltage, the voltage monitoring
circuit 13 asserts the signal vdet.

FIG. 2A is a diagram illustrating a configuration example
of'the voltage monitoring circuit 13. An electric potential of a
connection point between a current source 102 and a resistor
103, the current source 102 and the resistor 103 being con-
nected between the voltage Vddi and a reference potential
Vss, is input into a first input node (positive-side input end)
n01 of acomparator 101. An electric potential of'a connection
point between a resistor 104 and a resistor 105, the resistor
104 and the resistor 105 being connected between the voltage
Vddi and the reference potential Vss, is input into a second
input node (negative-side input end) n02 of the comparator
101.

If an output current output by the current source 102 is set
to j0, a resistance value of the resistor 103 is set to r2, and
resistance values of the resistors 104 and 105 are set to r0 and
rl, respectively, when a value of (j0xr2) is less than a value of
r1xVddi/(r0+r1), the voltage monitoring circuit 13 negates
the signal vdet to a low level. In the present embodiment, it is
designed such that the voltage monitoring circuit 13 appro-
priately adjusts the output current j0, and the resistance values
r0, r1, and r2, thereby negating the signal vdet to a low level
when the voltage Vddi is less than 1.8V, and asserting the
signal vdet to a high level when the voltage Vddi is not less
than 1.8V, as illustrated in FIG. 2B.

The command decoder 14 decodes a signal related to an
access request from a CPU 20, and outputs a signal in accor-
dance with a result of the decoding. The command decoder 14
inputs, for example, a write signal WR (CMD) and an address
signal ADD [n:0] supplied from the CPU 20 therein, and
performs input and output of data signal DQ with the CPU 20.
When the write signal WR (CMD) is input into the command
decoder 14 from the CPU 20, the command decoder 14 out-
puts a write signal pwr, and outputs an address of the signal as
an address signal pad. Note that the CPU 20 controls not-
illustrated respective functional units (respective circuits) of
the system including the memory circuit 10 in the present
embodiment.

The register circuit 15 includes two storage areas of a flag
register 15A and an address register 15B, and stores that
writing is performed under a condition where the voltage
Vddi of the power supply supplied from the boosting circuit
12 is less than the certain voltage. The flag register 15A stores
that the writing is performed under the condition where the
voltage Vddi is less than the certain voltage, and the address
register 15B stores an address pad when the writing is per-
formed under the condition where the voltage Vddi is less
than the certain voltage. These operations are conducted
based on the signal vdet output from the voltage monitoring
circuit 13. The register circuit 15 invalidates the stored infor-
mation in accordance with a signal refb output from the
refresh control circuit 17.

FIG. 3A is a diagram illustrating a configuration example
of'the register circuit 15. A pulse generating part 111 asserts,
when the signal pwr output from the command decoder 14 is
asserted, a signal pwrp in a pulse form. The flag register 15A
sets a refresh flag when the signal vdet is negated under the
state where the signal pwrp is asserted, and it resets the refresh
flag when the signal refb is asserted and then is negated. When
the refresh flag is set, the flag register 15A asserts signals refa
and rflag.
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Each of address registers 15B-0 to 15B-n holds an address
signal pad [i] (i=0 to n) output from the command decoder 14,
in accordance with the signal rflag. When the signal rflag is
asserted, the address register 15B outputs and holds the
address signal pad [i] as an address signal ada [i]. When the
signal rflag is negated, the address register 15B outputs the
address signal pad [i] as the address signal ada [i].

When the signal pwr is asserted under the state where the
signal vdet is negated as illustrated in FIG. 3B, the register
circuit 15 sets the refresh flag in the flag register 15A, and
asserts the signals refa and rflag. Further, since the signal rflag
is asserted, the address signal pad is held as the address signal
ada in the address register 15B. When the signal refb is
negated, the signals refa and rflag are negated.

The access control circuit 16 performs a control of access
with respect to the memory core 11. The access control circuit
16 performs access with respect to the memory core 11 in
accordance with, for example, the signal pwr from the com-
mand decoder 14, and the signal refb from the refresh control
circuit 17. The access control circuit 16 includes a latch part
121 as illustrated in FIG. 4A. When the signal pwr or the
signal refb is asserted as illustrated in FIG. 4B, the access
control circuit 16 latches the signal, and asserts an internal
write signal wrb with respect to the memory core 11 to a high
level.

The refresh control circuit 17 makes a refresh operation in
the memory core 11 to be executed in accordance with the
signal refa. When the signal refa is asserted to a high level and
the internal write signal wrb is asserted to a high level, the
refresh control circuit 17 takes the signal refa therein. When
the signal refa is asserted to a high level and the internal write
signal wrb is negated to a low level, the refresh control circuit
17 asserts the signal refb to ahigh level, and negates the signal
refb to a low level after an elapse of a certain period of time.
The negation of the signal refb by the refresh control circuit
17 may be performed by providing a delay circuit in the
refresh control circuit 17 to make the signal retb to be self-
reset, for example.

FIG. 5 is a timing chart illustrating an operation example of
the semiconductor memory device in the first embodiment.
When writing of data (WR) is requested based on the com-
mand signal CMD from the CPU 20, the command decoder
14 asserts the signal pwr, resulting in that the access control
circuit 16 asserts the signal wrb, and performs writing with
respect to the memory core 11.

At this time, when the voltage Vddi supplied from the
boosting circuit 12 is less than the voltage required for the
operation of the memory core 11 (1.8 V, in this case), the
refresh flag is set in the flag register 15A of the register circuit
15, and the signal refa is asserted, as illustrated in FIG. 5.
Since the signal wrb is asserted, the refresh control circuit 17
takes the asserted signal refa therein and holds the signal. As
described above, even if the voltage Vddi supplied to the
memory core 11 is less than the certain voltage (the voltage
required for the operation of the memory core 11), the writing
of data with respect to the memory core 11 is conducted.

When the writing of data with respect to the memory core
11 based on the command signal CMD from the CPU 20 is
completed, the command decoder 14 negates the signal pwr.
When the signal pwr is negated under the state where the
signal refa is asserted, the refresh control circuit 17 asserts the
signal retb.

Accordingly, the access control circuit 16 asserts the signal
wrb, and performs the refresh operation with respect to the
memory core 11. Specifically, with respect to the address ada
held in the address register 15A of the register circuit 15,
internal reading and writing in the memory core 11 are con-
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ducted, to thereby perform rewriting of data. After the elapse
of a certain period of time (a period of time longer than that
taken for the completion of the refresh operation with respect
to the memory core 11), the refresh control circuit 17 negates
the signal refb, resulting in that the refresh flag in the flag
register 15A of the register circuit 15 is reset, and the signal
refa is negated.

As described above, the data written under the state where
the voltage Vddi supplied to the memory core 11 is less than
the certain voltage, is rewritten by the refresh operation in the
memory core 11, resulting in that the retention life of data can
be secured.

Here, FIG. 6 illustrates an outline of a configuration of the
memory core 11 when using a memory cell of FeRAM. In
FIG. 6, each of word lines WL0 to WLn and plate lines PLO
to PLn is selectively driven by a word line decoder (WDEC),
and an electric potential read to each of bit lines BL.O to BLn,
and bBLO to bBLn, is sensed by a sense amplifier (Sense
amp).

In a memory cell as illustrated in FIG. 7A, an electric
potential in accordance with data stored in the memory cell
selected by applying a certain electric potential to a word line
WL (j=0 to n) and a plate line PLj by the word line decoder
(WDEC), is read to bit lines BLi and bBLi (i=0 to n), as
illustrated in FIG. 7B, for example. The electric potential read
to the bit lines BLi and bBL.i is sensed by the sense amplifier,
and after the electric potential of the bit lines BLi and bBLi is
amplified, the electric potential of the word line WLj and the
plate line PLj is sequentially set to a certain electric potential,
thereby performing rewriting with respect to the memory cell.
In the manner as described above, the aforementioned refresh
operation is conducted. When the configuration of the
memory core 11 employs a memory cell of DRAM, it is also
possible to realize the refresh operation by performing read-
ing and then rewriting in a similar manner.

FIG. 8 is a diagram illustrating one example of a rewrite
sequence in the present embodiment. Note that FIG. 8 illus-
trates, as one example, a case where the configuration of the
memory core 11 employs a memory cell of DRAM. A request
regarding read or write with respect to the memory circuit 10
is issued by the CPU 20 (301), and a self-refresh command is
entered (302). The voltage monitoring circuit monitors the
supplied power supply voltage Vddi (303), and when the
power supply voltage Vddi is not less than the certain voltage,
the access with respect to a target memory cell is conducted
(304).

On the other hand, when the power supply voltage Vddi is
less than the certain voltage, the register circuit sets the reset
flag, and holds the address (the register circuit may also hold
the data, according to need) (305). After that, it is judged
whether or not the rewriting with respect to the address held
in the register circuit 15 can be carried out (306), and when it
becomes possible to perform the rewriting, the access control
circuit carries out the rewriting with respect to the address
held in the register circuit 15 (307).

According to the first embodiment, when the writing in the
memory core 11 is performed under the state where the sup-
plied power supply voltage Vddi is low, in the memory circuit
10 the flag is set and the address is held, and after the power
supply becomes higher than the certain voltage, the refresh
operation with respect to the address is conducted. Accord-
ingly, even if the power supply voltage supplied to the
memory circuitis lowered, it becomes possible to increase the
speed of operation while securing the retention life of
memory data, and it is possible to reduce the power consump-
tion without lowering the processing capability. In the present
embodiment, by making the refresh operation to be included
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in a command cycle so that an operation cycle based on the
external command and an operation cycle related to the
refresh operation are included in a period of one time of
memory core operation, when the aforementioned refresh
operation occurs, the refresh operation can be securely real-
ized.

Second Embodiment

Next, a second embodiment will be described.

In the first embodiment, although the refresh operation of
performing the rewriting of data is set to be included in one
command cycle, a period of time of performing the refresh
operation is constantly included in the command cycle, so
that one command cycle becomes long, which causes the
reduction in the processing capability. Accordingly, in the
second embodiment to be described hereinafter, it is designed
such that the control to make the period of time of performing
the refresh operation to be constantly included in the com-
mand cycle is not performed, and the access with respect to
the memory circuit is made to wait when performing the
refresh operation.

FIG. 9 is a diagram illustrating a configuration example of
a semiconductor memory device according to the second
embodiment. In FIG. 9, components and the like having the
same functions as those of the components and the like illus-
trated in FIG. 1 are denoted by the same reference numerals,
and overlapped explanation thereof will be omitted. The
memory circuit 10 as the semiconductor memory device in
the second embodiment includes a hold buffer 18, in addition
to the memory core 11, the boosting circuit 12, the voltage
monitoring circuit 13, the command decoder 14, the register
circuit 15, the access control circuit 16, and the refresh control
circuit 17.

The hold buffer 18 receives the signal refb output from the
refresh control circuit 17. When the signal refb is asserted to
a high level, the hold buffer 18 asserts a signal HOLD to be
output and makes the access from the outside with respect to
the memory circuit 10 wait. When the signal refb is negated to
a low level, the hold buffer 18 negates the signal HOLD.

FIG. 10 is a timing chart illustrating an operation example
of the semiconductor memory device in the second embodi-
ment. The signal HOLD output from the hold buffer 18 is
controlled in accordance with the signal refb output from the
refresh control circuit 17. Specifically, when the signal refb
output from the refresh control circuit 17 is asserted, the
signal HOLD output from the hold buffer 18 is asserted, and
when the signal refb output from the refresh control circuit 17
is negated, the signal HOLD output from the hold buffer 18 is
negated.

According to the second embodiment, even if the power
supply voltage supplied to the memory circuit is lowered, it
becomes possible to increase the speed of operation while
securing the retention life of memory data, and it is possible
to reduce the power consumption without lowering the pro-
cessing capability, similar to the first embodiment. Further,
when the refresh operation is performed when the writing in
the memory core 11 is conducted under the state where the
supplied power supply voltage Vddi is low, by outputting the
signal HOLD to make the access from the outside wait, it is
possible to shorten the command cycle, resulting in that the
processing capability can be improved.

In the above-described first embodiment and second
embodiment, the boosting circuit 12 is designed to be pro-
vided in the memory circuit 10, but, it is also possible to
design such that the boosting circuit is provided on the outside
of the memory circuit 10.
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Note that the above-described embodiments merely illus-
trate concrete examples of implementing the present embodi-
ments, and the technical scope of the present embodiments is
not to be construed in a restrictive manner by these embodi-
ments. That is, the present embodiments may be implemented
in various forms without departing from the technical spirit or
main features thereof.

When the writing of data is conducted under the state
where the supplied voltage is low, the disclosed semiconduc-
tor memory device sets the flag, holds the address, and per-
forms the refresh operation. Accordingly, even if the supplied
voltage is lowered, it becomes possible to increase the speed
of'operation while securing the retention life of memory data,
and to reduce the power consumption without lowering the
processing capability.

All examples and conditional language provided herein are
intended for the pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiments
of the present invention have been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:
1. A semiconductor memory device, comprising:
a voltage monitoring circuit which monitors a supplied
voltage;
a memory core which includes a plurality of memory cells
and includes a refresh function;
a register circuit in which a flag is set when the voltage
monitoring circuit detects that the supplied voltage is in
a state of being less than a certain voltage at a time of
performing writing of data with respect to a memory cell
of the plurality of the memory cells, and which holds an
address at which the writing is performed; and
a control circuit which makes, in accordance with the flag
set in the register circuit, the memory core execute
rewriting by a refresh operation with respect to the
address held in the register circuit.
2. The semiconductor memory device according to claim 1,
wherein
the control circuit makes the rewriting by the refresh opera-
tion to be executed in accordance with the flag set in the
register circuit, and then resets the flag set in the register
circuit.
3. The semiconductor memory device according to claim 2,
wherein
a period related to the rewriting by the refresh operation in
accordance with the flag set in the register circuit is
included in a write cycle of data with respect to the
memory cell.
4. The semiconductor memory device according to claim 2,
wherein
when the flag is set in the register circuit, a signal which
makes an access with respect to the memory core wait is
output.
5. The semiconductor memory device according to claim 1,
wherein
a period related to the rewriting by the refresh operation in
accordance with the flag set in the register circuit is
included in a write cycle of data with respect to the
memory cell.
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6. The semiconductor memory device according to claim 1,
wherein
when the flag is set in the register circuit, a signal which
makes an access with respect to the memory core wait is
output.
7. The semiconductor memory device according to claim 1,
wherein
the memory cell includes a capacitor, and the capacitor is a
ferroelectric capacitor.
8. A control method of a semiconductor memory device,
comprising:
monitoring, by using a voltage monitoring circuit, a volt-
age supplied to a memory core including a plurality of
memory cells and including a refresh function;
setting a flag in a register circuit when it is detected that the
supplied voltage is in a state of being less than a certain
voltage at a time of performing writing of data with
respect to a memory cell of the plurality of the memory
cells, and holding an address at which the writing is
performed; and
making, in accordance with the flag set in the register
circuit, the memory core execute rewriting by a refresh
operation with respect to the address held in the register
circuit.
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